One can easily observe the results of countless speciation events in the diversity of organisms populating our earth. Understanding speciation as a process, however, is more challenging because most existing species arose thousands to millions of years ago. A species is most commonly defined as a group of individuals that are reproductively isolated from individuals of other groups. If one accepts this definition, then one can define speciation genes as genes that cause or maintain reproductive isolation in diverging populations (Coyne, 1992) . Hybrid progeny of interspecies matings often suffer from reduced viability or fertility compared to the parental species, and such hybrid incompatibilities are a widely observed cause of reproductive isolation. Little is known about hybrid incompatibility genes beyond those identified in fruit fly species and a few model plant species. In this issue, Lee et al. (2008) provide a welcome advance to the field through their identification and molecular characterization of two hybrid sterility genes in yeast.
How do genes evolve to produce hybrid incompatibilities? Dobzhansky and Muller proposed in their now widely accepted model that hybrid incompatibilities arise as the byproduct of genetic divergence between two species. As nascent species evolve, newly arising alleles must be compatible with the rest of the genome or they will be selected against and removed from the population. However, unless two diverging species are exchanging genes, there is no selection for compatibility between new alleles from the two species. Thus, when the genomes of these two hypothetical species are combined together in hybrid progeny, deleterious interactions between these new alleles may occur, resulting in sterility or death. Finding experimentally tractable models to identify these types of interacting genes has been challenging. Previous gene identifications have usually relied on laborious genomic mapping studies or chance discoveries of rare suppressor mutations. One known pair of hybrid incompatibility genes-Hybrid male rescue (Hmr) from Drosophila melanogaster and Lethal hybrid rescue (Lhr) from Drosophila simulans-were originally identified through suppressor mutations that rescue the lethality of the F1 hybrid male progeny of these two fruit fly species. These genes were then cloned and shown to have patterns of sequence divergence and genetic interactions consistent with the Dobzhansky-Muller model of hybrid incompatibility (Brideau et al., 2006) . In contrast to this interlocus incompatibility, an intralocus Dobzhansky-Muller incompatibility is observed in rice where hybrid sterility between subspecies of rice appears to result from interaction between the two different alleles of a single gene (the S5 gene) in an F1 hybrid (Chen et al., 2008) .
Matings between Saccharomyces yeast species can give rise to viable F1 diploid hybrids, but the hybrids often produce few viable spores following meiosis. Lee and colleagues now use some clever genetic tricks to uncover and characterize a sterility phenotype in the hybrid progeny of two yeast species, Saccharomyces cerevisiae and Saccharomyces bayanus. Any DobzhanskyMuller incompatibilities between specific genes that contribute toward F1 sterility can be masked by gene-independent sterility effects. These chromosomal effects due to differences in sequence and chromosome arrangements between yeast species can inhibit meiotic recombination (Greig, 2008) . Thus, in order to detect potential genic incompatibilities, Lee et al. created diploid F2 hybrids that are a mix of both parental genomes but, importantly, are homozygous at all loci. This homozygosity ensures that the yeast will not suffer from any chromosomebased sterility (assuming that all of these F2 hybrids are euploid). Any remaining incompatibilities that are detected must then be genic. Indeed, Lee and colleagues find that in the F2 hybrids, 85% of the 40 hybrid strains tested were sterile. The authors then constructed S. cerevisiae strains where one or several chromosomes were replaced by the corresponding S. bayanus chromosomes. Only substitution of S. bayanus chromosome 13 causes hybrid sterility. Screening of an S. cerevisiae genomic library for genes on chromosome 13 that rescue the sterility defect revealed the S. cerevisiae AEP2 gene as sufficient to restore spore formation. Thus, it is the S. bayanus AEP2 gene that is responsible for the chromosome 13 sterility.
S. bayanus AEP2 can only be half of the story. What is its interacting component in the S. cerevisiae genome that results in hybrid sterility? Interestingly, the authors find that F1 haploid hybrids harboring S. bayanus AEP2 were sterile only if their mitochondria came from S. cerevisiae; they remained fertile if they retained S. bayanus mitochondria. As proper mitochondrial function is required in yeast for meiosis, it seems likely that the hybrid incompatibility results from Aep2-mediated mitochondrial defects. Lee et al. find that S. cerevisiae grows better than S. bayanus in media containing glucose as the carbon source and observe the opposite in media containing glycerol as the carbon source. They speculate that adaptation of S. bayanus to nonfermentable carbon sources may have resulted in selection for changes to AEP2 and OLI1, and thus the evolution of the incompatibility. The fact that high rates of evolution have been observed in yeast for other nuclear-encoded translational activators of mitochondrial genes and for their corresponding 5′-UTR targets (Costanzo et al., 2000) cautions against assuming that such evolution must be adaptive. It is also possible that because mitochondrial genes have relatively high mutation rates, mildly deleterious random mutations in the S. bayanus OLI1 5′-UTR induced selection of compensatory mutations in S. bayanus AEP2 to maintain their regulatory interaction, thus leading to the evolutionary divergence. Examining the molecular evolution of AEP2 and OLI1 in other Saccharomyces species and reconstructing the ancestral state of these genes may help to distinguish between the adaptive and nonadaptive hypotheses.
Clash of the Genomes
Incompatibilities between nuclear and mitochondrial genes have been reported in hybrids of other species including Nasonia wasps (Niehuis et al., 2008) and the marine copepod Tigriopus californicus (Rawson and Burton, 2002) . In T. californicus, hybrid incompatibility appears to be due to amino-acid substitutions in the cytochrome c and cytochrome c oxidase proteins. These hybrid incompatibilities in disparate organisms suggest that mixing together mitochondrial and nuclear genomes from different species likely disrupts coadapted nuclear-mitochondrial genetic networks. Surprisingly, these disruptions do not always have easily predictable effects. Strains of D. melanogaster flies harboring mitochondria from D. simulans flies show tremendous variation in longevity (Rand et al., 2006) . Although some strains are more short lived, consistent with deleterious hybrid incompatibility effects, other strains live significantly longer. Thus, at least for the phenotype of longevity, altered mitochondrial-nuclear gene interactions may produce complex responses. Investigations of hybrid incompatibilities therefore not only are essential for understanding speciation but also can reveal otherwise hidden clues about how physiological and developmental pathways evolve (True and Haag, 2001 ). The Aep2 protein binds to the 5′-untranslated region (UTR) of the OLI1 mRNA and is required for OLI1 mRNA translation. This interaction occurred in the hypothetical ancestral yeast species and was maintained in both Saccharomyces cerevisiae and Saccharomyces bayanus during evolution. However, in hybrid progeny of the two species, S. bayanus Aep2 fails to bind to the 5′-UTR of S. cerevisiae OLI1 mRNA, preventing its translation and resulting in hybrid sterility. The ancestral sequences of both genes are unknown.
